The tin-rich stannides SrCo 2 Sn 8 and BaCo 2 Sn 8 were synthesized from the elements in sealed tantalum tubes. They crystallize with a new structure type, space group Cccm with a = 1006. 
Introduction
Cobalt and tin form the binary stannides Co 3 Sn 2 [1] , CoSn, CoSn 2 [2] , and two modifications of CoSn 3 [3] . The stability of these stannides results from covalent Co-Sn and also from Sn-Sn bonding (in the tin-rich phases). The structural diversity of cobalt stannides is significantly increased if a third, more electropositive metal is present. So far more than 90 RE x Co y Sn z stannides (RE = rare earth element) with different crystal structures and a broad variety of magnetic and electrical properties have been reported. An overview is given in a review article by Skolozdra [4] . Especially the tinrich phases have intensively been studied since they are readily available in single-crystalline form through self-flux synthesis [5] .
Despite the large number of RE x Co y Sn z stannides, only few analogs with alkali or alkaline earth metals have been reported [6, 7] . The only known ternary lithium compound is LiCoSn 6 [8, 9] . The cobalt atoms in LiCoSn 6 have similar square-antiprismatic coordination as in CoSn 2 and CoSn 3 . The second alkali metal stannide is the recently reported Zintl phase K 5−x Co 1−x Sn 9 with endohedral [Co@Sn 9 ] 5− cluster units [10] . The structure of Mg 2 Co 3 Sn 10+x [11] has cobalt in two different coordinations. The Co1 atoms have coordination number (CN) 8 in a squareantiprismatic fashion, and Co2 has CN 6 in the form of trigonal prisms. A high-pressure study in a diamond anvil cell showed stability of the Mg 2 Co 3 Sn 10+x structure up to 9 GPa [12] .
Ternary stannides RE 3 T 4 Sn 13 have intensively been studied in the 1980s with respect to their superconducting and magnetic properties [13, 14] . These cubic phases were also observed for Ca 3 Co 4 Sn 13 and Sr 3 Co 4 Sn 13 . The calcium compound shows a superconducting transition at 5.9 K. The structure is composed of a three-dimensional network of CoSn 6 trigonal prisms which are condensed via common corners. The cavities left by this network are filled by calcium and additional tin atoms. Recent single-crystal investigation [15] revealed a composition Ca 3+x Co 4 Sn 13−x , resulting from Ca/Sn mixing on the 2a site, frequently observed for this structure type [16] .
Herein we report on the first ternary cobalt stannides with strontium and barium, SrCo 2 Sn 8 and BaCo 2 Sn 8 , which are among the tin-richest ternary phases with a pronounced tin substructure.
Experimental

Synthesis
Lath-shaped single crystals of BaCo 2 Sn 8 were first obtained as a by-product when searching for ternary bariumcobalt-phosphides using the tin flux technique [5] . Starting materials for the targeted synthesis of SrCo 2 Sn 8 and BaCo 2 Sn 8 were strontium (Sigma Aldrich, 99 %) and barium rods (Alfa Aesar, > 99 %), cobalt powder (Sigma Aldrich, 99.9 %), and tin granules (Merck, 99.9 %). Polycrystalline samples were prepared by weighing the elements in the ideal ratios and placing them in tantalum ampoules [17] under an argon atmosphere of ca. 700 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. Suitable barium and strontium pieces were prepared under paraffin oil and kept in a Schlenk tube under argon atmosphere. The tantalum ampoules were then sealed in evacuated silica tubes and placed in a resistance furnace. They were heated to 1100 K within 12 h and kept at that temperature for 48 h. The tubes were then slowly cooled to 650 K, kept at that temperature for another 168 h and afterwards cooled to ambient temperature by radiative heat loss. The resulting ingots are ductile and exhibit silver luster whereas ground powders are light grey. The samples are stable for months.
First synthesis attempts were performed in niobium ampoules, but the high tin content led to an attack of the crucible material. Well-shaped single crystals of recrystallized niobium, equiatomic NbCoSn and an unknown bariumniobium-stannide were observed as by-products. Further investigations on the new ternary barium stannide are in progress.
EDX data
Semiquantitative EDX analyses of the single crystal studied on the diffractometer were carried out in variable pressure mode with a Zeiss EVO ® MA10 scanning electron microscope with BaF 2 , Co and Sn as standards. The experimentally observed average composition of 9 ± 1 at.-% Ba : 17 ± 1 at.-% Co : 74±1 at.-% Sn for the lath-shaped single crystals ( Fig. 1) were close to the ideal one (9.1 : 17.2 : 72.7). No impurity elements, especially from the container material, were detected.
X-Ray diffraction
The polycrystalline SrCo 2 Sn 8 and BaCo 2 Sn 8 samples were characterized by Guinier patterns (imaging plate detector, Fujifilm BAS-1800) with Cu K α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The orthorhombic lattice parameters (Table 1) were obtained from a least-squares refinement. Proper indexing was ensured through intensity calculations [18] . The single-crystal and powder lattice parameters of the barium compound agreed well. Lath-shaped singe crystals of BaCo 2 Sn 8 were selected from the carefully crushed sample, glued to quartz fibers using beeswax and studied on a Buerger camera (using white Mo radiation) to check their quality. The intensity data collection was performed on a Stoe IPDS-II image plate system (graphite monochromatized Mo K α radiation; λ = 71.073 pm) in oscillation mode. A numerical absorption correction was applied to the data. Details about the data collection and the crystallographic parameters are summarized in Table 2 .
Structure determination and refinement
The BaCo 2 Sn 8 data set showed a C-centered orthorhombic lattice, and the systematic extinction conditions were in agreement with the centrosymmetric space group Cccm. The starting atomic parameters were deduced from Direct Methods with SHELXS-97 [19, 20] , and the structure was refined with anisotropic displacement parameters for all atoms with SHELXL-97 (full-matrix least-squares on F 2 o ) [21, 22] . To check for deviations from the ideal composition, the occupancy parameters were refined in a separate series of leastsquares cycles. All sites were fully occupied within two standard deviations. The final difference Fourier syntheses revealed no residual peaks. The refined atomic positions, equivalent isotropic and anisotropic displacement parameters, and interatomic distances are given in Tables 3-4 . Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; E-mail: crysdata@fiz-karlsruhe.de, http://www.fizkarlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-425335.
Magnetic susceptibility measurements
Magnetic measurements were carried out on a Quantum Design Physical Property Measurement System using the VSM option. 70.773 mg of the BaCo 2 Sn 8 sample were packed in a polypropylene capsule and attached to the sample holder rod. The measurement was performed in the temperature range of 3 -350 K with magnetic flux densities up to 10 kOe. 
Discussion
Crystal chemistry
The tin-rich stannides SrCo 2 Sn 8 and BaCo 2 Sn 8 crystallize in a new structure type (space group Cccm, Pearson code oC88) with a metal-to-tin ratio of 1 : 2.66. Among the huge number of ternary alkaline earth-and rare earth-transition metal stannides they are among those with the highest tin content. The lattice parameters of the strontium compound are smaller than those of BaCo 2 Sn 8 . Although this structure type is governed by a complex three-dimensional [Co 2 Sn 8 ] network, even the small change in the size of the alkaline earth metal leads to an anisotropic expansion of the unit cell, much more pronounced in the a and c as compared to the b axis.
The shortest interatomic distances in the BaCo 2 Sn 8 structure occur between the cobalt and tin atoms. Each cobalt atom has seven nearest tin neighbors with Co-Sn distances ranging from 257 to 273 pm, close to the sum of the covalent radii [23] of 256 pm. This is indicative of strong covalent CoSn bonding. The near-neighbor coordination of the cobalt atoms is presented in Fig. 2 [26] .
The Co@Sn 7 units are condensed via a common rectangular face formed by the Sn3, Sn5 (2×) and Sn7 atoms. Within the double units one observes a Co-Co distance of 272 pm, longer than in hcp Co (6 × 250 and 6 × 251 pm) [27] . The Co 2 @Sn 10 double units resemble the Co 2 @Sn 12 units (two condensed square antiprisms) of CoSn 2 [2] and CoSn 3 [3] . The Co-Co distances are 272 pm in CoSn 2 and 269 and 270 pm in the two modifications of CoSn 3 . These Co-Sn interactions are considered as only weakly bonding. Two Co 2 @Sn 10 double units are connected via the common Sn7 atoms to tetrameric units, and the latter further condense via the Sn4 atoms, leading to the threedimensional network presented in Fig. 3 .
As expected for a tin-rich stannide, one observes a broad range of Sn-Sn distances (294 -386 pm) in the structure of BaCo 2 Sn 8 . The shortest Sn-Sn distance of 294 pm occurs between the Sn1 atoms. This short Sn1-Sn1 distance certainly corresponds to a strong bond. It is close to the Sn-Sn distance of 281 in the diamond modification of α-Sn [27] . Most of the longer Sn-Sn distances fit well with those in the β -Sn structure (4 × 302 and 2 × 318 pm) [27] and furthermore, one observes a variety of secondary, weak Sn-Sn interactions. This is expected for the complex crystal structure with seven crystallographically independent tin sites. Comparable Sn-Sn distances occur in further tinrich stannides, e. g. Ce 3 Rh 4 Sn 13 (299 -334 pm) [28] or CaRhSn 2 (303 -322 pm) [29] .
A remarkable structural feature concerns the tin substructure. The Sn2 atoms (Wyckoff site 4a) have no cobalt neighbors and are not part of the threedimensional [Co 4 Sn 15 ≡ Co 2 Sn 7.5 ] network. They have six tin neighbors (311 -315 pm) in distorted octahedral coordination (Fig. 4) . These SnSn 6 octahedra are a new structural motif in polystannide chemistry, and there is no counterpart in molecular chemistry. Parts of the octahedra resemble the squarepyramidal Sn 6− 5 Zintl anion in Ba 3 Sn 5 (299 -315 pm Sn-Sn) [30] . Other tin motifs in ternary polystan- nides are zig-zag chains (Yb 3 CoSn 6 [26] ), lonsdaleiterelated tetrahedral networks (CaRhSn 2 [29] ), icosahedra (Ce 3 Rh 4 Sn 13 [28] ), or cyclohexane-type rings (Mg 2 Co 3 Sn 10+x [11] ). The coordination polyhedron of the barium atom is derived from a cuboctahedron in which one of the triangles is substituted by a rectangle, thus increasing the coordination number from 12 to 13. Similar coordination is observed in the structure of UAl 4 [32] . Always two of such Ba@Sn 13 polyhedra are condensed via a common rectangular face forming a double unit. The latter are further condensed via trans-standing rectangular faces, leading to a chain-like motif (Fig. 5) . Adjacent chains are condensed via common edges to a layer-like substructure. These layers are connected with the neighboring layers (not shown in Fig. 5 for reasons of clarity) via common corners.
Magnetic properties of BaCo 2 Sn 8
The temperature dependence of the susceptibility data (χ) of BaCo 2 Sn 8 , measured at an applied field of 10 kOe, is displayed in Fig. 6 . The course of the susceptibility data can be considered temperature independent above 100 K. The increase in susceptibility at low temperatures is most likely due to small amounts of paramagnetic impurities. A fit of the data in the temperature range of 3 -350 K with a modified Curie-Weiss law results in µ eff = 0.10(1) µ B per formula unit, a Weiss constant θ P = −3.2(5) K, and a temperature-independent contribution χ 0 = 9.8× 10 −5 emu mol −1 . BaCo 2 Sn 8 can therefore be classified as a Pauli paramagnet.
